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Introduction
Cervical mucus is a viscoelastic secretion of constantly secreting mucus producing cells of the endo-cervix [1] and acts as a mechanical barrier to prevent intruding organisms. It is a complex biomaterial having a vital protective function in the cervix during pregnancy. Bovine cervical mucus exists into two phases, aqueous and gel [2] . The aqueous phase contains mostly water (92-95 %) with some ions and metabolites [3] ; whereas the glycoproteins (mucins) are the major component of the gel phase [4] . Colour, appearance, pH and electrical conductivity along with other rheological properties like Spinnbarkeit value, flow elasticity, viscosity, thixotrophy, and arborisation pattern are the most important properties in relation to fertility. These properties vary with endocrinological status of reproductive cycle and directly associated with the estrogen: progesterone ratio and fertility status of dairy animals [5] . Basically two types of cervical mucus are observed , estrogenic and gestagenic [6] which can be further divided into various subtypes.
The rheological properties of cervical mucus becomes more plentiful, watery and less viscous, during follicular phase, which facilitates the transport of spermatozoa in the female reproductive tract. However, it becomes opaque, thick, viscous and scanty during luteal phase not favourable to sperm migration [2] . Cervical secretion becomes more copious and watery during the estrogen dominating phase of ovarian cycle while the viscosity of mucus increases under high progesterone concentration. Therefore may be used in determining the stage of estrus for fixing an optimum time of insemination in farm animals. The occurrence of crystallization is common to all types of mucus. But degree of crystallization/ arborisation pattern in cervical mucus is under the control of two ovarian hormones ., estrogen and progesterone. The phenomenon of crystallization in cervical mucus progresses under the influence of estrogen where as progesterone diminishes the formation of arborisation pattern [3] . Thus it viz.
can be quite useful in predicting the onset of estrus, different stages of estrus and ovulation time in cattle and buffaloes [7] . Therefore, present investigation was aimed to study the physico-chemical properties of cervical mucus among different parities and analyse their association with conception rate in Murrah buffaloes. This study was approved by the Institutional Animal Ethics Committee framed for the research by the institute authority. Necessary measures were taken to curtail the pain or distress to animals.
The present study was conducted on Murrah buffaloes (n=94) maintained at Livestock Research Centre of National Dairy Research Institute, Karnal, Haryana for a period of 4 months (November 2011 -February 2012). The study place is located on 29 43' N latitude and 76 58' E longitudes at an altitude of 245 meters above the mean sea level in the bed of Indo-Gangetic alluvial plain. A subtropical climate prevails in the area. There are four major seasons in the year , winter (December to March), summer (April to June), rainy (July to September) and autumn (October and November).
Buffalo heifers (n=13) with body weight (BW) not less than 347 kg (427±23) and age above 27 months (39.37±4.28) as well as buffalo cows (n=81, 1-6 parity) with BW 580±8.8 kg and age 80±2.84 months, were used in the study. The experimental buffaloes were free from anatomical and reproductive disorders as well as from other diseases. For easy identification, buffaloes were tagged with numbered plastic ear tags. The buffaloes utilized in this study were maintained under loose housing system, fed with seasonal green fodder along with additional concentrate at the rate of 1.0 kg for every 2.0 kg milk yield as followed by institute herd management practice.
Murrah buffaloes were detected in estrus using teaser bull (BW 600 kg and age 5 years), visual observation of cardinal signs of estrus along with heat expectancy chart. Bull parading was carried out four times in a day, i.e. at morning (6.00 am), forenoon (10.00 am), afternoon (2.00 pm) and at evening (6.00 pm), 30 minutes in each shed. Experimental buffaloes in estrus were confirmed by per-rectal examination and AI was practiced by recto-vaginal method using good quality frozen-thawed semen from a bull of known fertility.
Cervical mucus was collected on the day of estrus prior to the AI using sterile blue sheath ( ). The sterile sheath was fitted in a "Universal artificial insemination gun" and mucus was aspirated from the mid cervix by recto-vaginal method. Mucus samples were collected in a sterile tube (5 ml) to study its physico-chemical characteristics.
Cervical mucus samples were collected in a sterile tube before AI and immediately taken to the laboratory for the examination of following characteristics:
Appearance of cervical mucus was judged using direct visual observation and categorised into clear/transparent and cloudy/translucent.
A few drops of mucus sample were placed into a grease free glass slide and slide was inclined to 45 for the detection of consistency of the mucus. By observing the movement, the mucus sample was categorised into three different consistencies i.e. thin, moderate and thick.
For measuring the Spinnbarkeit value, 2-3 drops of collected mucus sample were taken on a grease free glass slide; then another grease free glass slide was placed over it. The mucus was stretched between two slides by moving the second slide away from first one, until the mucus breaks. The distance between the two slides just before the breakage of the mucus string was measured through a scale (cm scale) mounted on the wall, known as Spinnbarkeit value. In this study Spinnbarkeit values were categorized into three groups 0-8 cm, 8-16 cm and 16-24 cm.
Two to three drops of well mixed cervical mucus spread uniformly over a grease free glass slide and air dried. The air dried slide was examined under microscope using low power objective (10X) for crystallization pattern of the mucus, known as arborisation pattern. The arborisation pattern of the observed mucus was grouped into three classes , typical, atypical and nil.
pH of cervical mucus was measured using pHConductivity Benchtop ( ) and observed pH were categorised into three groups i.e. 7.0-7.5, 7.5-8.0 and >8.0.
Before measuring the electrical conductivity (EC), mucus samples were first vortexed in a vortex mixture ( ) until it got lysed and became a free flowing liquid. Then electrical conductivity was measured in the lysed cervical mucus using a pH-Conductivity Benchtop (Orion 4 star, Thermo Electron Corporation, USA) in mili-Siemens/cm unit (mS/cm) and divided into three groups 9-13.5 mS/cm, 13.5-15 mS/cm and >15 mS/cm.
Pregnancy was confirmed by rectal palpation after 60 days of AI in non returned buffaloes and conception rate was calculated by using following formula: Conception rate (%) =Number of pregnant animals / Total number of animals inseminated X 100
In this study descriptive statistics were calculated for average Spinnbarkeit value, pH, and electrical conductivity and presented in Mean ± SEM format. The chi square analysis was used to compare the physico-chemical properties of cervical In dairy animals the appearance of estrual cervical mucus changes during different phases of the estrus i.e., clear/ transparent mucus at early stage, which gradually changes to turbid at mid-estrus and translucent at the end of estrus [8] . Clear mucus discharge was observed in 90.90% of primiparous buffaloes, 84.75% of pluriparous and 76.92% of heifers (Figure-1a) but the difference was statistically non significant. Majority of buffaloes (85.10%) had clean/ transparent mucus which might be due to early stage of estrus and better reproductive health. Our findings are in agreement with Gill [8] . Moderate consistency of cervical mucus was observed in 64.68% of buffaloes, which may be because of early to mid phase of estrus. Findings of this study are almost similar to Gunasekaran [9] .
Cervical mucus in 54.25% buffaloes (Figure-1a ) had shown typical arborisation pattern with primary, secondary and tertiary venation (Figure-2a) while remaining 37.24% and 8.51% buffaloes had atypical (Figure-2b ) and nil arborisation patterns respectively.
In this study typical fern pattern in cervical mucus was found in 54.25% estruses which might be due to increased peripheral estrogen concentration at the time of estrus indicating right time of insemination. Almost similar values were observed by Rangnekar [5] . The Spinnbarkeit reduces under the influence of progesterone and increases with high level of estrogen and reaches at peak during ovulatory phase. The Spinnbarkeit value of cervical mucus ( Figure-1b) in 46.15% heifers and 50.00% primiparous cows was 8 to 16 cm, whereas 42.37% of pluriparous buffaloes were found in the range of 16 to 24 cm. The average value of Spinnbarkeit in this study was 14.16±0.60 cm which is in accordance with Rangnekar [5] . Cervical mucus of 68.09% estruses were within pH range of 7.5-8.0 while 19.15% and 12.76% cervical mucus were in pH range of >8 and 7.0-7.5 respectively (Figure-1b) . Majority of primiparous buffaloes (72.73 %) had cervical mucus in alkaline range during insemination, which may be because of increased mucoproteins, sodium chloride and water content of cervical mucus due to higher estrogen level during the peri-estrus. Our findings (average pH value 7.83 ± 0.02, range 7.2 -8.4) are in accordance with Rangnekar [5] where as Gunasekaran [10] reported lower values in crossbred cows. Cervical mucus in 57.45% of estruses was in the electrical conductivity range 13.50-15.00 mS/cm, while remainder (28.72% and 13.83%) were within the range 9-13.5 mS/cm and > 15.00 mS/cm, respectively (Figure-1b) . We found large number of buffaloes with greater range of electrical conductivity which might be due to increased electrolyte concentrations in mucus during estrus. The average conductivity in this study (13.97± 0.10 mS/cm, range 9.23-15.86) is in agreement with Sopelink [11] .
Visual appearance of cervical mucus is a good indicator of reproductive health status of animals [3] . Clean and transparent cervical mucus shows normal health while reproductive disorders may results turbid and dirty mucus. We observed 41.25% conception rate in clear and transparent cervical mucus (Table-1) at the time of insemination may be because of enhanced sperm penetration, proper stage of estrus and better reproductive health status. Our results are in accordance with Mufti [12] . Findings of this study had shown 47.54% conception rate in estruses with thin to moderate consistency of cervical mucus (Table-1 ) which might be due to enhanced migration of spermatozoa in female reproductive tract. Intertwined muco-proteins and impaired penetration and progressive movement of spermatozoa may be the probable cause of lower conception rate in thick cervical mucus. Our results are supported by Layek [13] and Rangnekar [5] , while higher values were observed by Kumar [14] .
In this study, significantly (P<0.05) higher conception rate (54.90%) (Table-1) was observed in buffaloes inseminated with typical arborisation pattern in their cervical mucus as compared to atypical pattern (20%). Greater conception rate in typical arborisation pattern may be because of facilitated movement of spermatozoa as compared to nil or dotted type arborisation pattern [7] . Our results are in agreement with Kumaresan [15] and Layek [13] . We found 48.64% conception rate in buffaloes inseminated with cervical mucus having high Spinnbarkeit value (16-24 cm) might be due to proper stage of estrus because Spinnbarkeit value attains its peak immediately before or during the ovulatory phase under the influence of estrogen, and decreases subsequently as the level of progesterone increases during luteal phase in cows. Our findings are supported by Modi [16] . In the present study, estruses with moderately alkaline (7.5-8.0) mucus (Table-1), had shown 42.18% conception rate. This may be because of improved progressive motility of spermatozoa and suitable uterine environment for embryo [5] . Our results are in agreement with Modi [16] . Buffaloes inseminated with greater range (>15 mS/cm) of electrical conductivity (Table-1) showed 53.84% conception rate, which may be because of facilitated activation of spermatozoa and uterine motility, that enhance the process of fertilization. Our results had shown a positive correlation between conception rate and EC of cervical mucus which is in accordance with Layek [13] .
From the findings of this study, it can be concluded that various physico-chemical properties of cervical mucus did not vary with parity while the arborisation pattern has significant relation with conception rate. Therefore, it can be used as a tool to decide the right time for insemination in Murrah buffaloes.
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